The electric and magnetic properties of Cu doped and pure/undoped hydrogels were investigated by impedance spectroscopy and electron spin resonance techniques, respectively. The capacitance and dissipation factor (tan δ) were measured in the frequency range of 100 Hz10 MHz at room temperature. The ColeCole plots for the Cu doped dry and pure dry hydrogels have been used to describe the characteristic change of electrical properties in mentioned temperature interval. The comparison between Cu ions doped and pure/undoped samples is done using the impedance spectroscopy and the electron spin resonance techniques. Electron spin resonance signal for pure, Cu doped wet and Cu doped dry samples are not any power absorption signal, near the symmetric with respect to the resonance eld values according to the dry sample and asymmetric for resonance eld/base line, respectively.
Introduction
Hydrogels have received increasing interest in the preparing [14] and investigation of the drug delivery applications in the last years. Hydrogels have potential applications in broad range of topical areas, biology, biomedical, photo-electronics, life sciences, biosensors, some ecological problems [59] , and tissue engineering [1012] . Hydrogels have been prepared using a variety of techniques [5, 1315] . Some metal-containing polymers can be considered a new generation of materials with a potentially wide application in elds such as liquid crystals [16, 17] , smart materials, superconducting materials and biocompatible polymers [1823] . However, dielectric and magnetic properties of pure, Cu-ions-doped-wet and Cu-ions-doped-dry hydrogels have not been studied.
There is no detailed information in literature about the electric and magnetic properties of this type hydrogels.
The impedance spectroscopy (IS) and electron spin resonance (ESR) have become very popular and powerful techniques for studying the dielectric and magnetic properties for this type hydrogels, respectively.
In the focus on this work, we have studied electric and magnetic properties of pure, Cu-ions-doped-wet and Cu- * corresponding author; e-mail: o.yalcin@nigde.edu.tr, orhanyalcin@gmail.com -ions-doped-dry hydrogels by using the impedance spectroscopy (or dielectric spectroscopy) (IS&DC) and ESR techniques, respectively. The frequency evolution of the real (ε ′ ) and imaginary part (ε ′′ ) of the dielectric constant for pure, Cu-ions-doped-wet and Cu-ions-doped-dry hydrogels were studied in the frequency range 100 Hz to 10 MHz. The change of ε ′′ with frequency gives information on the dielectric relaxation frequency and loss of the energy level about the samples. Doping on hydrogels was shown drastic change on the dielectric constant.
The main aims of this work are to investigate electric and magnetic properties of pure, Cu-ions-doped-wet and Cu-ions-doped-dry hydrogels. 
ESR measurements
ESR spectra of pure, Cu-ions-doped-wet and Cu-ions--doped-dry hydrogels samples were taken by high sensitive conventional X-band (9.5 GHz) commercial Bruker EMX-type spectrometer at room temperature (RT). The eld derivative ESR spectra of these samples are given in Fig. 1 . Fig. 1 . ESR spectra of pure, Cu-ions-doped-wet and Cu-ions-doped-dry samples and their theoretical Gaussian and Lorentzian simulations.
3. Results and discussions
Electrical properties
The complex dielectric permittivity ε is dened as ε = ε ′ + i ε ′′ . Here, ε ′ and ε ′′ are accordingly referred to as the real and imaginary parts of the complex ε, and are represented by Re(ε) and Im(ε), respectively. The complex conjugates of ε is denoted as ε
The product of a complex number and its conjugate are
2 . Therefore the complex conjugates of dielectric respectively can be written
where
In this expression, ε ∞ , ε S are high and static (low) frequency dielectric constants, respectively. The parameter, 
where C p is the parallel capacitance in the electrode, d is the inter electrodes distance, ε 0 is the permittivity of free space, A is the sample area.
The frequency evolution of the real part (ε ′ ) of the dielectric constant in the experimental results for undoped and Cu-doped hydrogels are given in Fig. 2 Fig. 2 . The frequency evolution of the real part of the complex dielectric constant Cu ions doped and pure/ undoped hydrogels (ε ′ f ).
for the conductivity. The real part of ε S (minimum) and ε ∞ (maximum) dielectric values of complex dielectric, ε, have been shown in Table. Fig . 3 . The frequency evolution of the imaginary part of complex dielectric constant for Cu ions doped and pure/undoped hydrogels (ε ′′ f ). (Fig. 3) . 
where δ = 90
• − φ and φ is the phase angle. Tangent loss tan δ is also typically considered as a characteristic dielectric quantity. This behavior is seen in Fig. 3 in detail by using the tan δf . Energy loss factor decreases with Cu ions doped hydrogels from maximum peaks in Fig. 4 . Maximum values of the dissipation factor for pure/undoped and Cu-doped hydrogels correspond to 
Here i and ω are the imaginary number unit and angle frequency, respectively. The real ε ′ and the imaginary part ε ′′ of the complex dielectric permittivity are
respectively. Thus, the relationship between ε ′ and ε ′′ can be expressed by
This equation corresponds to circle [27] . The real part of ε S (minimum) and ε ∞ (maximum) dielectric values have been shown in Table. 3
.2. Magnetic properties
The ESR data have been analyzed by using the both Lorentzian and Gaussian line shapes by analytical expressions [29] . Lorentzian and Gaussian lines are given below, respectively
In these expressions; H l (0), H g (0), H r and c (c = 2/2Γ )
denotes maximum amplitude of Lorentzian line, maximum amplitude of Gaussian line, resonance eld value for each hydrogels and the inverse width factor, respectively. 2Γ is the peak-to-peak line width. Figure 1 shows the experimental and theoretical ESR spectra [29] for undoped (pure wet), Cu-doped-wet, and
Cu-doped-dry hydrogels. 
with γ = 28 GHz T −1 . Here, f and H are frequency and magnetic eld, respectively. The eective g-values for Cu-ions-doped wet and dry hydrogels are calculated from the scope of curve and found as g wet = 2.19301 and g dry = 2.16873. The linewidth evolution of the ESR signal for doped hydrogels is related spin glass behavior. In other words, the peak-to-peak linewidth can be determined from the spinspin relaxation times (T 2 ).
The spinspin relaxation time (T 2 ) is smaller than spin orbit relaxation time (T 1 ) in generally for magnetic ion doped samples. From our results, T 2 is much shorter than T 1 for Cu-doped-dry hydrogels. The linewidth for Cu-doped-wet hydrogels is signicantly narrower compared to that for Cu-doped dry hydrogels. In additional, this type structure corresponds to crystalline like struc-tures. Spin glasses behavior appears at temperature dependence. Therefore, spin glass and crystalline structure occur with increasing temperature for Cu doped hydrogels. 
